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(54) Title: PELLETING PRESS 




(57) Abstract 

A pelleting press for pressing from a powdery, granular and/or pasty material compacted rod-shaped pieces of said mate- 
rial, comprising a die (1) with one or more rotatable rolls (6) co-operating therewith each having an axis (5) supported in such a 
manner that it is situated in a plane through the axis (3) of the die (1) and a gap (9) is defined between the die (1) and the or each 
roll (6), further comprising means for supplying the material to be pressed towards the or each gap (9), and driving means for 
moving the die (1) and the or each roll (6) in respect of the material supplied to the or each gap (9), all this in such a manner that 
the supplied material when moving in the gap between the die and a roll is compacted and is pressed through the apertures (2), 
the support of the die and/or the or each roll being so that the gap height is adjustable, the driving means being adapted for driv- 
ing the die as well as the or each roll, and the velocity of at least the die or the each roll being independently variable. 



* See back of page 



DESIGNATIONS OF "DE" 

Until further notice, any designation of "DE" in any international application 
whose international filing date is prior to October 3, 1990, shall have effect in the 
territory of the Federal Republic of Germany with the exception of the territory of the 
former German Democratic Republic. 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 

AT Austria 

A If Australia 

BB Barbados 

BE Belgium 

BF Burkina Fasso 

BG Bulgaria 

BJ Benin 

BR Brazil 

CA Canada 

CF Central African Republic 

CC Congo 

CH Switzerland 

CM Cameroon 

DE Germany 

DK Denmark 



ES 


Spain 


MC 


Monaco 


Fl 


Finland 


MC 


Madagascar 


FR 


France 


ML 


Mali 


CA 


Gabon 


MR 


Mauritania 


GB 


United Kingdom 


MW 


Malawi 


CR 


Greece 


NL 


Netherlands 


HU 


Hungary 


NO 


Norway 


IT 


Italy 


PL 


Poland 


JP 


Japan 


RO 


Romania 


KP 


Democratic People's Republic 


SD 


Sudan 




of Korea 


SE 


Sweden 


KR 


Republic of Korea 


SN 


Senegal 


LI 


Liechtenstein 


su 


Soviet Union 


LK 


Sri Lanka 


TD 


Chad 


LU 


Luxembourg 


TC 


Togo 




US 


United Stales of America 



WO 91/02644 PCT/NL90/0O118 

- 1 - 

Pelleting press. 



The invention relates to a pelleting press of the kind 
mentioned in the preamble of claim 1. 

Such pelleting presses are known in several forms, having 
either a disc-shaped and substantially flat die with a 
5 generally vertical axis, rolls having generally a horizontal 
axis co-operating therewith, or having a cylindrical die with 
an axis which is substantially parallel to the axis of the 
roll co-operating with said die. In some presses the axes of 
the roll and the die are not mutually perpendicular or 
10 parallel, but include an angle. The axis of the roll is, then, 
generally situated in a plane through the axis of the die. 
Sometimes the rolls are supported in a fixed yoke. As to the 
drive of such presses, there are presses having a driven die, 
and presses having a driven roll, with all these drive types, 
15 the material to be pressed is entrained by the driven element. 
The not-driven element moves along with the movement of the 
material, in some presses, however, the rolls are not 
supported in a fixed yoke but in a rotatable yoke. The drive 
will, then, take place by means of the yoke, and the die will 
2 0 generally not rotate. In the known devices, the gap height and 
the drive velocity will be chosen so that the material to be 
processed will be pressed as well as possible in respect of 
the quality of the pressed material pieces (generally called 
pellets), the production capacity and the energy consumption 
25 of the press, but this is done purely experimentally and only 
as far as allowed by the restricted control possibilities. It 
has appeared then to be impossible to obtain always an optimal 
adaptation to fluctuations in the quality, in particular the 
composition, the internal friction, humidity content and the 
30 like, of the material to be processed. In the case of large 
deviations, for instance so much slip between the material and 
the die or roll can occur that the pressure in the gap will 
strongly decrease, and the material will no longer be pressed 
through the die apertures. Then smearing of the material will 
35 take place. The press will get jammed, unless the production 
flow will be decreased fast enough, and/or the quality of the 
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material can be adapted, and/or other emergency measures can 
be taken for preventing jamming. 

It is an object of the invention to provide a press of 
the kind mentioned above not having these objections or only 
5 to a considerable lesser degree, and allowing an optimal 
adaptation to the material to be processed. To that end the 
press according to the invention has the characteristics 
mentioned in the characterizing portion of claim 1. 

Particular characteristics favourable for the practical 

10 application of this press are mentioned in the sub-claims. 

In contrast to the known presses, as well the die as roll 
(and in the case of a rotatable yoke also the yoke) will be 
driven according to the invention, so that at the gap the, 
velocity of at least the die or the or each roll is in- 

15 dependently adjustable. Thereby the material compressed in the 
gap between the die and a roll will not be subjected at one 
side (i.e. at the side of the roll or the die), but at both 
sides (i.e. at the roll and the die) to shear stresses. At a 
substantially constant pressure distribution this will mean 

20 that the shear stress will be substantially lower than in the 
case of driving only the roll or only the die, so that the 
slip boundary will be reached less early accordingly, and the 
operation can be controlled better. Thereby a larger 
adjustability of the gap height can be obtained, which will 

25 contribute to obtaining an optimal adaptation to fluctuations 
in the material to be processed, so that, on the one hand, 
smearing will occur less frequently, and, on the other hand, 
the choice of the composition will be subjected to less 
limitations. The lower slip sensibility also means that a 

30 shorter running-in period during adjustment of the press can 
be obtained. The better adjustability of the gap height also 
means that the production capacity, as far as not restricted 
by the required minimum hardness and wear resistance and/or 
other desired qualities of the pressed material, can be 

35 considerably increased, so that a possibly favourable result 
can be obtained. 

The invention will be elucidated below by reference to a 
drawing, showing in: 

Fig. 1 a diagrammatic representation of the general 
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structure of a pelleting press of known design for elucidating 
the invention; 

Fig. 2 a diagrammatic representation of the gap between 
the die and roll in a press according to the invention, with 
5 the velocities and shear stresses occurring therein; and 

Figs. 3 and 4 diagrammatic representations of the drive 
of such a press. 

In Fig. 1 a known pelleting press has been 
diagrammatical ly shown. This press comprises a hollow cylin- 
10 drical drum or die 1, provided with a large number of 

apertures 2 which are generally directed tranversely to the 
die surface. This die is rotatably supported on an axis 3, and 
can be rotated by means of driving means, diagrammatical ly 
indicated by an arrow 4, with a desired angular velocity, 
15 leading to a velocity v^. This velocity relates to the inner 
side of the die in the point of smallest gap height. Inside 
this die, a roll 6 rotatably supported on an axis 5 which is 
parallel to the axis 3 and laterally displaced in respect 
thereof, the generatrices of said roll being parallel to 
20 those of the die 1. Between the die and the roll a relatively 
narrow gap 7 is present. The smallest distance between the die 
and the roll is the minimum gap height 9 (Fig. 2). The gap 
height can be adjustable. 

Inside the die l,.the material 8 to be pressed is 
25 continuously supplied, and is, when rotating the die 1, 

entrained as a consequence of the friction between the die 1 
and this material, the latter being compacted in the gap 7. The 
pressure then occuring will cause this material to be pressed 
outwards through the apertures 2 in the form of compressed 
30 pieces, generally called pellets. As a consequence of the 

movement of the material in the gap, the non-driven roll will 
rotate with a velocity v r . This velocity relates to the 
circumference of the roll in the point of lowest gap height. 

It will be clear that also various rolls can be arranged 
35 inside the die 1, and, instead of driving the die 1, also the 
roll 6 can be driven, and then the non-driven die will be 
entrained. In an other known construction, the die does not 
move, and a yoke is rotatably driven. The rolls are then 
supported in said rotating yoke. Also the die 1 and/or the 
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rolls 6 can have a conical shape. It is also possible to 
provide the apertures 2 in the rolls 6, but this is generally 
not practical. 

Therefore, a velocity gradient will occur transversely to 
5 the roll axis 5. If, however, too much slip will occur between 
the material 8 and the surface of the die 1 and/or the roll 6, 
this will lead to a certain smearing of the material in the 
gap, and to a reduction of the pressure, the consequence 
thereof being a reduced extrusion of the material through the 

10 apertures 2. A small internal slip in the material can, 
i indeed, influence the quality of the material in a favourable 
way since, thereby, a better coherence between the particles 
of the material and a greater hardness and wear resistance 
and/or other qualities of the pressed material pieces can be 

15 obtained, but the operation will become instable in an 

increasing degree and, therefore, less controllable, so that 
the risk that the press will jam will strongly increase. 

In these known presses the adaptation to different 
factors is difficult, and often not optimally possible. If the 

20 quality of the material to be pressed will change or fluctuate 
during a current pressing operation, because of changes of the 
internal friction as a consequence of, for instance, 
variations in the humidity or fat content, it is generally not 
possible to perform a supplementary adjustment during the 

25 operation leading to an optimal pressing result. Also the 
character of the material to be pressed will not allow an 
optimal or economically feasible pressing operation within the 
adaptation and adjustment possibilities of the press. 
The invention is based on the insight that the 

30 difficulties mentioned above can be avoided by a better 

adjustability and control, or can be considerably reduced. To 
that end also the roll 6 will be driven, as shown in Fig. 1 by 
an arrow 4 1 , so that also the roll will exert a driving 
friction force on the material 8 in the gap 7. The entraining 

35 force required for generating the required pressure in the 
gap 7 will then act at both sides on the material, so that 
the critical friction force at which slip is beginning to 
occur will occur less early, and virtually never at a 
suitable choice of the velocities and the gap height. 



BNSDOC1D: <WO 9102644A1_I_> 



WO 91/02644 



PCT/NL90/00118 



- 5 - 

Fig. 2 diagrammatically shows this transverse forces. The 
die 1 having a radius R m is driven at an angular velocity cj , 
leading to a velocity v m - The roll 6 having a radius R is 
driven at an angular velocity u> r , leading to a velocity v . 
5 The shear stresses tm and t r exerted on the material by the 
die and roll are not only dependent on the rotation angle, but 
are also a function of the velocities which are mutually 
indepently adjustable. 

It has now appeared that the possibility of slip will be 
10 at a minimum if the shear stresses r m and r r at opposite sides 
of the gap are substantially equal. From mechanical 
considerations it will appear that, then, in the curved plane 
10 substantially in the centre of the gap 7 the shear stress 
will be zero. This plane is called a neutral plane. The 
15 pressure generated in the compressed material will then i.a. 
depend on the sum of these shear stresses and the gap height. 
This pressure will then be selected as high as possible, but 
is limited by the condition that uncontrollable slip should 
be avoided under all circumstances. 
20 it will now be clear that by selecting suitable driving 

velocities for the die 1 and the roll 6, and in particular of 
the ratio of these velocities, and furthermore of a suitable 
height of the gap 7, an optimal adjustment for a given 
material can be obtained which, in particular during the 
25 operation of the press, can be adapted. In particular the 

running-in period of the press can be considerably accelerated 
thereby, so that less time and material will be lost. By 
adjusting a small velocity difference between the die and the 
roll, a given controllable slip and internal shear in the 
30 material can be generated, so that the quality of the material 
in the gap can be favourably influenced while avoiding the 
risk of the press becoming jammed. 

The last-mentioned equality of the shear stresses f m and 
T" r can be obtained in the case of fixedly mounted rolls 6 and 
35 die 1 as such by an adapted adjustment of the rotational 

velocities. In the general case of a yoke rotatable round an 
axis 3 and rolls 6 supported in this yoke on the other hand, 
the drive of the rolls 6 in respect of the yoke, the drive of 
the yoke in respect of the stationary structure, and the drive 
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of the die in respect of the stationary structure, should be 
selected so that the shear stresses r m and t are 
substantially equal. This can be obtained by a correct 
adjustment of the velocity of the roll and the die at the gap 
5 in question. 

A simple construction of a pelleting press according to 
the invention comprises a driven roll. and a driven die, the 
yoke being fixedly mounted in respect of the casing (Fig. 3). 
An other possibility is a press having a stationary mounted 
10 die, a driven yoke, and a roll driven in respect of this yoke 
(Fig, 4). 

According to the invention the die 1 and the roll 6 (as 
the case may be also by means of a driven yoke) can each be 
driven in such a manner that the circumferential speed of the 
15 roll and the die in the narrowest part of the gap can be 
continuously variably adjustable independently from each 
other . 

Then these adjustable drives can be mutually coupled in 
such a manner that the ratio between both velocities when 

20 varying these velocities is constant but is variable in 

function of the cap heigth. When controlling these adjustments, 
use can be made of relationships which can be derived from 
mechanical equilibrium condition, and which can be of an 
approximating functional and whether or not simplified and 

25 possibly experimentally determined kind. Of course use can be 
made of an adapted microprocessor. The condition for control 
is that the drive of the press should be so that the shear 
stresses T m an( ^ Z" r are substantially equal. 

The integral of the shear stresses z m or C r ° v ^r the 

3 0 circumference and width (in the gap in question) of the die or 
the roll is a measure for the respective circumferential force 
in respect of the die or roll. Since, in a gap, the shear 
stress at the roll and die should substantially be equal this 
means that the circumferential force of the roll should be 

35 substantially equal to the cirumf erential force of the die at a 
gap. This means that the press according to the invention can 
be controlled on the basis of the circumferential force or the 
driving torque. For, by multiplying the radius R r of the roll 
or R m of the die by the respective circumferential force the 
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driving torque for each cap. of the roll and the die 

respectively is obtained. The press according to the invention 

can, therefore, be controlled in such a manner that the 

quotient of the driving torque of the roll and the roll radius 

5 R r will be substantial equal to the driving torque of the die 

for each gap and the respective radius R of the die. 

m 

Since the slip between the roll and the die is relatively 
small, the circumferential velocities of the roll and the die 
will be substantially equal. As the product of the 

10 circumferential speed and the circumferential force is equal 
to the power, this means that the power mechanically supplied 
to a roll should be substantially equal to the mechanical 
power which is supplied to the portion of the die co-operating 
with this roll. The press according to the invention can, 

15 therefore, be controlled also in such a manner that the 

mechanical power supplied to the roll is substantially equal to 
the power of the portion of the die co-operating with this 
roll. 

Therefore the press can be controlled -i .a . on the basis 
20 of velocity, driving torque or power. 

Controlling the press on the basis of velocity, driving 
torque or power can be realized in many ways by means of known 
techniques. Some examples thereof shall be mentioned now. 

If the drive of the roll and the die takes place 
2 5 hydraulically by means of hydromotors , the velocity or number 
of revolutions of the roll and the die can be adjusted for 
instance by controlling the volume flow towards the hydro- 
motors in question. If control takes place on the basis of 
driving torque or hydraulic power, information in respect of 
30 the hydraulic pressure or the hydraulic pressure and the 
rotational speed respectively will be sufficient. 

In the case of a mechanical drive the velocity of the 
roll and the die can be adjusted by controlling the rotational 
speed of the roll and the die, for instance by means of a 
35 continuously variable mechanical transmission. 

In the case of controlling on the basis of the drive 
torque or power, use can, for instance, be made of strain 
gauges on the drive shaft for determining the driving torque. 

In the case of an electrical drive of the roll and the 
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die, the velocity can be adjusted by controlling the 
rotational speed of the roll and the die (e.g. by frequency 
control), if control takes place on the basis of driving 
torque or power, a measurement of electrical magnitudes ' such 
5 as voltage (V), current intensity (A) and electrical power 
(kW) provide sufficient information. 

It will be clear that various combinations are possible. 
These adjustable drives can be mutually coupled in such a 
manner that the ratio between both velocities when varying the 
10 latter will be constant but variable in function of the cap 
height. For controlling these adjustments, use can be made of 
relationships derived from mechanical equilibrium conditions, 
which are whether or not simplified proximative functional and 
possibly experimentally determined relationships. Of course 
15 use can be made of an adapted microprocessor. The condition 
for control is that the drive of the press should be so that 
the shear stresses r m and T x are substantially equal. 

It will be clear that the invention is not restricted to 
the embodiment shown, and that it can also be used in the case 
20 of substantially plane disc-shaped dies. 
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Claims 

1.. A pelleting press for pressing from a powdery, 
granular and/or pasty material compacted rod-shaped pieces of 
said material, comprising 'a die with one or more rotatable 
rolls co-operating therewith each having an axis supported in 
5 such a manner that it *is situated in a plane through the axis 
of the die, the generatrice thereof which is nearest to the 
die being situated at a small distance from and substantial 
parallel to a corresponding generatrice of the adjacent 
surface of the die, in order to define a gap between the die" 
10 and said roll, said die or the or each roll being provided 
with extrusion apertures, the support of the die and/or the 
roll or rolls being so that the gap height is adjustable, 
further comprising means for supplying the material to be 
pressed towards the or each gap, and driving means for moving 
15 the die and the or each roll in respect of the material 

supplied to the or each gap, all this in such a manner that the 
supplied material when moving in the gap between the die and a 
roll is compacted and is pressed through the apertures, 
characterized in that the driving means are adapted for 
20 driving the die as well as the or each roll, and that the 
velocity of at least the die of the or each roll is 
independently variable. 

2. The press of claim 1, characterized in that a 
plurality of rolls is arranged in a yoke, and that the driving 

25 means are adapted for driving the rolls in respect of the 
yoke, and the yoke in respect of the die or vice versa. 

3. The press of claim 1 or 2 , characterized in that the 
velocity control is adapted for adjusting the ratio between 
the velocity of the die and that of the or each roll at the 

30 smallest gap height and dependent on the adjusted gap height. 

4. The press of any one of claims 1..3, characterized 
in that the velocity control is adapted to adjust the ratio 
between the velocity of the die and that of the or each roll 
at the small es gap height in such a manner that the shear 

35 stresses exerted by the die and a roll on the material put 
through will substantially be equal. 

5. The press of any one of claims 1..4, characterized 
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in that: the driving means are constructed in such a manner 
that the ratio between the driving torque exerted by a roll on 
the material put through and the roll radius is substantially 
equal to the ratio between the torque exerted by the die 
, 5 portion co-operating therewith and the die radius. 

6. The press according to any one of claims 1..3, 
characterized in that the driving means are constructed in 
such a manner that the mechanical power supplied by a roll is 
substantial ly equalto the power supplied by the die portion co- 
10 operating with said roll. 
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FIG. 4 
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